International Journal of Power Electronics and Drive System (IJPEDS) 

Vol. 10, No. 2, June 2019, pp. 909-916 

ISSN: 2088-8694,001: 10.11591/ijpeds.vl0.i2.pp909-916 


□ 909 


Fractional PID controlled cascaded flyback switched mode 
power supply with enhanced time domain response 


K. Sasikala, R. Krishna Kumar 

Department of Eleetrieal and Eleetronies Engineering, Vels Institute of Seienee, Teehnology and Advaneed Studies, India 


Article Info 


ABSTRACT 


Article history: 

Received Jun 21, 2018 
Revised Aug 6, 2018 
Accepted Jan 26, 2019 


Keywords: 

Cascaded flyback switched 
mode power supply (CFSMPS), 
Closed loop configuration. 
Fractional order proportional 
integral differential (FOP-I-D), 
PI controller. 


This work compacts with the modeling, simulation, and application of a 
Fractional Order Proportional Integral Differential (FOP-I-D) controlled 
Cascaded Flyback Switched Mode Power Supply (CFSMPS) system. It 
recommends Parallel cascaded flyback converter for the production of 
essential DC voltage from the input supply voltage. The output from 
CFSMPS is regulated by using closed loop configuration. The simulation of 
Closed-loop Proportional-Integral (PI) and FOP-I-D controlled CFSMPS 
system has been done and the results of the systems are related. The 
outcomes signify that the FOP-I-D based system has presented an enhanced 
response to represent as similar to the PI controlled CFSMPS system. The 
FOP-I-D controlled CFSMPS system has benefits like decreased steady-state 
error and enhanced time-domain response. 
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1. INTRODUCTION 

Saggini et.al presented the simple referenee based model to auto tune digitally eontrolled CFSMPS. 
A self tuning elosed loop teehnique was amended to digital DC-DC Caseaded Flybaek Switeh Mode Power 
Supplies (CFSMPS) in relation to Proportional Integral Derivative (PID) regulators. The tuning method of 
open loop referenee based model was diseussed in detail with the digitally disturbed frequeney. Then the 
eontrol loop was inserted for obtaining a elosed loop solution and it was overlapped with the eontrol of a duty 
eyele [1]. An adaptive tuning system with a plan and exeeution of digital DC-DC eonverters along with 
desired phase margin was suggested by Zane et.al [2]. The prevailing adaptive tuning method of eontrolled 
Caseaded Flybaek Switehed Mode Power Supplies (CFSMPS) was digitally eontrollable. This taetie was 
relied on maintaining the path of the system eontinuously based on the systems interseet frequeney and phase 
margin. To meet the above objeetives, eompensator parameters were uneeasingly tuned by a elosed loop 
Multi-Input-Multi-Output (MIMO). A digital tiny square wave signals was eommonly injeeted into the 
digital eompensator and the Digital Pulse Width Modulator (DPWM). The stability margin ean be aehieved 
and also eontinuously monitored. The eompensator parameters were adjusted by the MIMO loop for redueing 
the error among the required and estimated phase margin and interseet frequeney. 

Morroni et.al has stated that the existing stability margin reserved a path of a digital Switehed-Mode 
Power Supplies. A feasible method has been suggested for reserving a path of the phase margin and eross 
over frequeney of the digital Caseaded Flybaek Switeh Mode Power Supplies (CFSMPS). From loop-gain 
measurement teehnique given by Middlebrook et.al, the proposed eoneept was reeommended for the 
implementation of digitally eontrolled SMPS. A Proeess of injeeting the digital square wave signal to its 
souree or to a preeeding stage was regulated with its signal frequeney. Simultaneously, the system online 
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phased margin and crossover frequency were obtained by monitoring loop signals, i.e., under normal 
operation of closed loop CFSMPS [3]. Jeffery et.al has presented the operating modes in Continuous and 
Discontinuous for SMPS in an adaptive Tuning method. They have suggested the concept of digitally 
controlled voltage-mode for Switched-Mode Power Supplies from Continuous Conduction Mode (CCM) to 
Discontinuous Conduction Mode (DCM) and stated vice versa with the existence of a large signal change. 
This process has the ability of retaining high-performance control loop associated with CCM to DCM mode 
transitions to the stability problems [4]. Hellany et.al has suggested resolution of issues in Cascaded Flyback 
Switched Mode Power Supplies (CFSMPS) by EMI/EMC. Power supplies play a significant role in causing 
deterioration of the electromagnetic environment. He has also examined Electro Magnetic Interference (EMI) 
issues in Cascaded Flyback Switch Mode Power Supply (CFSMPS), including fundamental concepts and 
classifications of Electromagnetic Compatibility. They have also referred to the root cause of the conducted 
emission from CFSMPS and the role of freeloading elements in the propagation of EMI [5]. 

Ferreria et.al has provided the Sources, route and drawbacks of conducted EMI in the SMPS circuits 
the production and propagation of electromagnetic noise obtained in the formal circuit investigation due to 
the complexity involved in the freeloading in the circuit. The mystery behind the high-frequency features of 
materials and components are unpredictable for the designer. Similarly the designer is unaware of the 
freeloading that occurred owing to complicated 3D shapes [6]. 

Isolated Switch Mode Power Supply for EED Application was presented with design and 
implementation by Reshma et.al [7]. A New Fly-Back Converter’s design using PID Controller has been 
proposed by Modak et.al [8]. Reliability Measures for Switched-Mode Power Supplies (CFSMPS) with 
Redundant Flyback Transformer was the product of Pankaj et.al [9]. Improved Power Quality CFSMPS for 
Computers Using Bridgeless PFC Converter at Front End owes it to Singh et.al [10]. A novel method of 
Switched mode power conversion design has been suggested by Middlebrook et.al. The excellent design 
circuitry, palpable efficiency and good flexibility and utmost simplicity of the design provided the capability 
for substituting the prevailing conventional electrical power processing methods. The system invoked an in- 
depth discussion on itself and the working of the Cuk converter; this was followed by its various extensions. 
A coupled-inductor technique helped achievement of improved efficiency and reduction in size and 
weight [11]. A detailed discussion on AC to DC converters with rectified power factor and HF transformer 
insulation was suggested by Singh et.al. A Switched mode solid stated AC-DC converter results transformer 
isolation (high-frequency) was designed with buck-boost, boost and buck topology. It had the enhanced 
power quality in addition to Power Factor Correction at AC supply; reduction in the input current’s Total 
Harmonic Distortion (THD) and exact regulation and isolation of the DC output voltage. 

An in depth knowledge of power factor correction was done by Singh et.al [12]. Design, Simulation 
and Implementation Techniques of High-Performance GAN SMPS were presented by Bhavya et.al [13]. It 
was suggested by Haider et.al to use Flyback Converters, Spacecraft Electrical Power Systems (EPS) [14]. 
Design and implementation of a new FPIDF-II controller for a widely accepted two-area nonreheat thermal 
AGC system employing ICA optimization technique was done by Y.Arya [15]. A Multilevel Quasi Matrix 
Converter Design for SRM Drives in EV Applications was suggested by Syeda [16]. Open Loop and Closed 
Loop Performance of Switched Reluctance Motor with Various Converter Topologies has been presented by 
Kirankumar [17]. Impact of freeloading Components on EMI Generated by SMPS has been explained by 
Milind [18]. Interleaved boost converter fed with PV for Induction motor / agricultural applications was 
presented by Adireddy [19]. An optimal fuzzy classical controller for Automatic generation control of two- 
area electrical power systems was suggested by Y.Arya [20]. There has been no reference in literature 
relating to the cascaded flyback converter system. This investigation suggests a cascaded flyback converter 
among AC source and load to enable reduction in input current ripple. The papers reported in the literature 
relating to the above referred subject do not provide any comparison between PI and FOP-I-D controlled 
CFSMPS systems. The proposed FOP-I-D controller regulates the output of CFSMPS system. The dynamic 
response of closed loop system is improved through the use of FOPID controller. 


2. SYSTEM DESCRIPTION 

The conventional flyback converter system is shown in Figure 1. An uncontrolled rectifier converts 
AC to DC. Using flyback inverter the DC from the rectifier is converted into high frequency AC and its 
output is converted back into DC using a rectifier. The proposed system of flyback converter for a closed 
loop is shown in a schematic form in Figure 2. The FOP-I-D controller is proposed for the improvement of 
the time response of the closed-loop system. The output voltage Vo is compared with respect to the reference 
voltage Vr and an error signal Cs is given to FOP-I-D. The FOP-I-D output is provided to a comparator, where 
the sawtooth is compared with the FOP-I-D output. The FOP-I-D system updates the width of the pulse 
applied to the MOSFET. 
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Figure 1. A Schematic form of Conventional flyback converter 



Figure 2. A schematic form of the proposed flyback converter 


3. ANALYSIS 

A model of FOP-I-D was developed from fractional differentiation. The response obtained with 
FOP-I-D controller is quite faster than PI controlled system. Figure.2 shows the FOP-I-D control structure. 
The transfer function of an FOP-I-D controller is given by Cfopid(s) =Kp+Ki/sH Kds^^ where 2 and /i are the 
order of the integral part derivative part respectively. Kp, Ki and Kd denote the controller constants as in a 
conventional PID-controller. 


4. SIMULATION RESULTS 

Figure 2(a) is the circuit diagram of the open loop CFSMPS system. The input voltage to the 
rectifier is seen as 440V in Figure 2(b). The output voltage is shown with the value of 180 V in the Figure 
2(c). The output current along with the value of 2A is shown in Figure 2(d). The Figure 2(e) displays the 
output power with the value of 190 watts. A small disturbance created is seen at the input at about 0.5 secs 
which results in a change in output voltage and current. Since open loop configuration is used, the output 
voltage cannot be regulated. 

A closed loop CFSMPS with PI controller is shown in Figure 2(f). The input voltage at its value of 
440V is presented in Figure 2(g). The Figure 2(h) represents the output voltage at the value of 90V. 
Similarly the output current is represented in Figure 2(i) at the value of 1.9A. Figure 2(j) displays the output 
power at value of 175 watts. As the disturbance is created at 0.5secs, its consequence in the output voltage is 
seen at 0.5 secs. The use of PI controller helps to increase in the output voltage which gets regulated at 0.9 
secs. The rise time, peak time and settling time for PI Controlled CFSMPS are observed as 0.54 secs, 0.7 secs 
and 0.9 secs respectively. 

The circuit diagram of the closed loop CFSMPS with FOP-I-D controller is presented in Figure 3(a). 
The input voltage is presented in Figure 3(b) with the values of 440V. The Figure 3(c) and 3(d) represents the 
output voltage and output current with the value of 90V and 1.9A respectively. The Figure 3(e) displays the 
output power at the value of 180 watts. As the disturbance is created at 0.5 secs, its consequence in the output 
voltage is seen at 0.5 secs. The use of FOP-I-D controller helps to increase in the output voltage that gets 
regulated at 0.6 secs. The rise time, peak time and settling time for FOP-I-D Controlled CFSMPS are 
observed as 0.53 secs, 0.56 secs and 0.6 secs respectively. 
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Figure 2(b). Input voltage 


Figure 2(e). Output voltage 



Figure 2(d). Output current 


Figure 2(e). Output power 
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Figure 2(g). Input voltage Figure 2(h). Output voltage 




Figure 2(i). Output current 


Figure 2(j). Output power 
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Figure 3(b). Input voltage Figure 3(e). Output voltage 



A eomparison of time domain parameters is shown in Table-I. The abridgement of the settling-time 
ts from 0.9 to 0.6 see ean be seen. The rise time T is redueed from 0.54 to 0.53 sees and the peak time tp from 
0.7 to 0.56 seeonds respeetively. The steady state error ess in the output voltage is abridged from 2.4V to 1.3 
V. Therefore, the response with FO-P-I-D-eontroller is better than that of the P-I-eontrolled CFSMPS system. 
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Table 1. Comparison of Time Domain Parameters 


Types of 

tr 

tp 

ts 

Oss 

controller 

(sec) 

(sec) 

(sec) 

(sec) 

PI 

0.54 

0.70 

0.9 

2.4 

FOP-I-D 

0.53 

0.56 

0.6 

1.3 


5. CONCLUSION 

A study of Simulation for open and closed-loop CFSMPS systems with PI and FOP-I-D controllers 
has been made. The experimental studies are done centered on Simulink models for CFSMPS systems. The 
findings connote that the FOP-I-D system having an enhanced response when compared to the PI controlled 
CFSMPS system. The benefits of the recommended CFSMPS system are low input current ripple, reduced 
settling time and a steady-state error. The reduction in current ripple is due to the cascading of flyback 
converters. The improvement in dynamic response is due to the use of FOPID controller. The drawback of 
CFSMPS is the increase in hardware count due to cascading. The scope of the current work is a comparison 
of FOP-I-D and PI controlled closed loop CFSMPS systems. A comparison of the response of CFSMPS with 
proportional resonant and Fuzzy logic controllers will be taken up as the work for the future. 


REFERENCES 

[1] L. Corradini, P. Mattavelli, W. Stefanutti, and S. Saggini, “Simplified model referenee-based auto tuning for 
digitally eontrolled CFSMPS,” IEEE Transactions on Power Electronics, vol. 23, no. 4, pp. 1956-1963, Jul. 2008. 

[2] J. Morroni, R. Zane, and D. Maksimovie, “Design and implementation of an adaptive tuning system based on 
desired phase margin for digitally eontrolled DC-DC eonverters,” IEEE Transactions on Power Electronics, vol. 24, 
no. 2, pp. 559-564, Feb. 2009. 

[3] J. Morroni, R. Zane, and D. Maksimovie, “An online stability margin monitor for digitally eontrolled switehed- 
mode power supplies,” IEEE Transactions on Power Electronics, vol. 24, No. 11, Nov 2009. 

[4] Jeffrey Morroni, “Adaptive Tuning of Switehed-Mode Power Supplies Operating in Diseontinuous and Continuous 
Conduetion Modes,” IEEE Transactions on Power Electronics, Vol. 24, No. 11, Nov 2009. 

[5] M. H. Nagrial and A. Hellany, “EMI/EMC Issues in Switeh Mode Power Supplies,” International Conferenee and 
Exhibition on Eleetromagnetie Compatibility, 1999. EMC York 99. (Conf Publ. No. 464). 

[6] J.A. Ferreria et al, “Sourees, paths and traps of eondueted EMI in switeh mode eireuits,” IEEE industry Application 
Society, Annual meeting record, Vol. 2, pp. 1584-91, USA, 1997. 

[7] Reshma K P, Sreenath R, NamrathaPai, “Design and Implementation of an Isolated Switehed-Mode Power Supply 
for Led Applieation,” International Conference on Computation of Power, Energy Information and Communication 
(ICCPEIC), 2016. 

[8] Subhrajyoti Modak et al, "Design of Novel Fly-Baek Converter Using PID Controller", International Journal of 
Advanced Research in Electrical, Electronics and Instrumentation Engineering, Vol. 4, Issue I, January 2015. 

[9] Pankaj Singh, Rupali Singh, Rohit Sharma, Pankaj Agrawal, “Reliability Measures for Switehed-Mode Power 
Supplies (SMPS) With Redundant Fly Baek Transformer” International Conference on Micro-Electronics and 
Telecommunication Engineering, 587-593, 2016. 

[10] Shikha Singh, Bhim Singh, G. Bhuvaneswari, “Improved Power Quality CFSMPS for Computers Using Bridgeless 
PFC Converter at Front End,” IEEE 6th India International Conference on Power Electronics (IICPE), 2014. 

[11] Slobodan Cuk and R. D. Middlebrook, “Advanees in switehed-mode power eonversion Part I,” IEEE Trans, on 
Industrial Electronics, vol. IE-30, no. 1, pp. 10-19, Feb. 1983. 

[12] B. Singh, S. Singh, A. Chandra and K. Al-Haddad, “Comprehensive study of single-phase ae-de power faetor 
eorreeted eonverters with high frequeney isolation,” IEEE Trans, on Industrial Informatics, vol. 7, no. 4, pp. 540- 
556, Nov. 2011. 

[13] Neeraja.K, Bhavya Y.V, Syam Mohan, Chandraseakar.V, “Design, simulation and implementation teehniques of 
high performanee GaN SMPS” IEEE International Conference on Power Electronics, Drives and Energy Systems, 
2016. 

[14] T. Haider, “Spaeeeraft Eleetrieal Power Systems (EPS) Using the Flybaek Converters”, IEEE Proceedings 1st 
International Conference on Non Conventional Energy (ICONCE 2014) pp. 52-51 , 2014. 

[15] Y. Arya, “AGC of two-area eleetrie power systems using optimized fuzzy PID with filter plus double integral 
eontroller,” J. Franklin Inst., vol. 355, no. 11, pp. 4583-4617, Jul. 2018 

[16] Syeda Fatima Ghousia, “A Multilevel Quasi Matrix Converter Design for SRM Drives In EV Applieations” 
International Journal of Power Electronics and Drive System (IJPEDS), Vol 2, No.2, pp 170-176, 2012. 

[17] Kiran Kumar, G.R.K Murthy, S S Srinivas Addala, “Open Loop and Closed Loop Performanee of Switehed 
Reluetanee Motor with Various Converter Topologies” International Journal of Power Electronics and Drive 
System (IJPEDS), Vol. 5, No. 1, pp. 83-92, July 2014. 

[18] Milind M Jha, Kunj Behari Naik, Shyama P Das, “Impaet of Parasitie Components on EMI Generated by SMPS” 
International Journal of Power Electronics and Drive System (IJPEDS), Vol.2, No.3, pp. 305-312,Sept 2012. 

[19] Adireddy Ramesh, M.Sivakumar, A. Chandra shekhar, “ Interleaved boost eonverter fed with PV for Induetion 
motor / agrieultural applieations”, International Journal of Power Electronics and Drive System (IJPEDS), Vol. 7, 
Issue 3, Sep. 2016. 


Fractional PID controlled cascaded flyback switched mode power... (K.Sasikala) 



916 □ 


ISSN: 2088-8694 


[20] Y. Arya, “Automatic generation eontrol of two-area eleetrieal power systems via optimal fuzzy elassieal eontroller,” 
J. Franklin Inst., voL 355, no. 5, pp. 2662-2688, Mar. 2018. 


BIBLIOGRAPHY OF AUTHORS 



Ms. K. Sasikala reeeived her B.E Degree in Eleetronies and Instrumentation Engineering from 
Bharathiar University in 2003, ME Degree in Power Eleetronies and Drives in 2005 from A nn a 
University, Chennai. Her eurrent researeh area is Closed loop eontrol in Flybaek SMPS. She 
has published ten papers in International Journals and eight papers in International 
Conferenees. She is eurrently working as an Assistant Professor in the Department of Eleetrieal 
and Eleetronies Engineering, Vels Institute of Seienee, Teehnology &Advaneed Studies, 
Chennai, India. 



Dr. R. Krishnakumar has obtained Ph.D from Anna University, India in the year 2016. His 
areas of interest are Power Eleetronies and Drives, Renewable Energy Systems, Unmanned 
Aerial Vehiele Systems (UAVs) and Roboties. He has published several researeh papers and 
filed two patents in those areas. He also worked in Tamilnadu state Poliee UAV projeet as 
researeh assoeiate and developed UAVs for the state poliee whieh was used for Crowd 
Monitoring, Surveillanee ete. He is eurrently working as an Assoeiate Professor and Head in 
the Department of Eleetrieal and Eleetronies Engineering, Vels Institute of Seienee, 
Teehnology & Advaneed Studies, Chennai, India. 


Int J Pow Elec & Dri Syst, Vol. 10, No. 2, June 2019: 909 - 916 






